Interventions aimed at prevention of mother-to-child transmission (PMTCT) of HIV are extremely effective but remain underutilized in many countries. Common economic barriers to PMTCT experienced by pregnant women with HIV are well documented. Addressing these economic barriers has a potential to improve PMTCT utilization and further reduce mother-tochild HIV transmission. This review examines the evidence of the effects economic strengthening (ES) interventions have on use of and adherence to PMTCT and other health services relevant to PMTCT cascade. While very few studies on ES interventions were conducted in PMTCT settings, the results of a recent randomised trial demonstrate that conditional cash transfers offered to women in PMTCT programme can significantly improve retention in care and adherence to treatment. This review also considers evidence on ES interventions conducted within other health care settings relevant to PMTCT cascade. While the evidence from other settings is promising, it may not be fully applicable to PMTCT and more quality research on ES interventions among population of pregnant women with HIV is needed. Answering some of the research questions formulated by this review can provide more evidence for programme implementers and guide decisions about how to increase women's use of and adherence to PMTCT services.
Introduction and Background
Prevention of mother-to-child transmission (PMTCT) services offer interventions to prevent transmission of HIV from an HIV-positive mother to her infant, which can occur during pregnancy, labor and delivery, or breastfeeding. Without PMTCT interventions, as many as 45 percent of infants born to HIV-positive women will become infected with HIV during gestation and delivery and through breastfeeding. With specific interventions, the risk of mother-to-child transmission (MTCT) can be reduced to less than 2 percent in nonbreastfeeding populations and to 5 percent or less in breastfeeding populations [1] .
The possibility of having a child born free of HIV constitutes a strong motivator for attending PMTCT services. Nevertheless, persistent barriers impede adherence to PMTCT interventions [2] . A systematic review that assessed the uptake of integrated PMTCT programmes in low-and middle-income countries [3] confirmed that even when the uptake of HIV counseling and testing among pregnant women attending antenatal care (ANC) is high, retention in PMTCT programmes remains low, and PMTCT services experience loss to follow-up at each step of programme delivery, thereby reducing programme effectiveness. These steps in the PMTCT process are also referred to as the PMTCT cascade: from first contact, through counseling, HIV testing, collecting results, receiving antiretroviral therapy (ART) or prophylaxis, safe delivery practices, infant feeding recommendations, and postnatal follow-up.
Several literature reviews assessed various common barriers to PMTCT and identified economic barriers, including time and cost of frequent travel to the health facility [2] , distance to facilities [4] , and lack of transportation [5] . A systematic literature review [6] that examined access to ART found that transportation costs and long distance were the only economic predictors of ART attrition.
Numerous studies have identified food insecurity as a factor that affects access to services and adherence to treatment [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . To date, most research has examined associations between food insecurity and adherence to ART among the 2 International Journal of Population Research general population of HIV-infected adults. Little is known about how food insecurity affects HIV-positive pregnant women's adherence to PMTCT drug regimen(s). However, it is reasonable to expect that they will be affected in a similar manner, especially pregnant women who are taking highly active antiretroviral therapy (HAART) for the whole duration of pregnancy and breastfeeding to prevent MTCT, as recommended by the latest WHO guidelines [26] . There is also some evidence that food insecurity can undermine women's ability to breastfeed exclusively [23] and, as a result, they start adding supplementary foods to breast milk too early-a practice that was shown to increase risk of HIV transmission to infant.
With economic barriers to PMTCT services being well documented, we consider if access and adherence to PMTCT cascade can be improved through economic strengthening (ES) interventions. Our review examines available but very limited evidence on ES interventions applied within PMTCT settings. It also takes into account evidence on ES interventions that have been applied within health services that are relevant to PMTCT cascade, such as ANC services, ART services, or HIV counseling and testing services. While all these services are available as stand-alone services, they are also integral elements of PMTCT programmes and thus the outcomes of ES interventions offered within these services may be partially applicable to PMTCT.
Identifying ES interventions that positively affect all or any of the steps of the PMTCT cascade can strengthen PMTCT programmes, contributing to better health outcomes and further reduction in HIV transmission from mother to child. In addition, identifying evidence gaps can inform future research and programming in the area of ES interventions for PMTCT.
Methods
Our methodology consisted of searching the PubMed, Popline, Econlit, Embase, Global Health, Web of Science, and Google Scholar electronic databases for any articles on economic strengthening interventions within PMTCT and other relevant health services published through February 2016. Search terms for ES interventions included combinations of "prevention of mother-to-child transmission" or "PMTCT" or "ART" or "VCT" or "HTC" or "HIV" with the following key ES interventions: "cash transfers," "food assistance," "food security," "food-for-work," "cash-for-work," "microfinance," "microcredit," "loans," "savings," "skills development," "livelihood programmes," "livelihood skills," "transportation vouchers," "transportation allowance," and "social protection." Reference sections of the relevant papers and reports found through the initial search were further reviewed for additional references.
As we anticipated that the evidence would be limited, and, as such, it would not be possible to assess it in a systematic way, we applied very broad inclusion criteria and considered any study (regardless of the design) as well as program evaluations/reports that described ES interventions aimed at addressing economic barriers to PMTCT and presented outcomes of these interventions. We also included 
Results
Our initial search produced 904 references. After eliminating duplicates and publications that were not relevant (in spite of containing some of the key search terms), we narrowed our selection to 94. After a full text review of the remaining publications, we eliminated another 72 because they did not meet our inclusion criteria. The remaining 22 publications-17 studies and 5 programme evaluations-are included in this review and a breakdown by ES intervention and by health care setting is presented in Table 1 . Only three studies were done among women attending PMTCT services; the others were conducted within ART or ANC settings or among populations undergoing HIV testing. The summary of our findings focuses on the evidence obtained for each individual ES intervention. For more information on individual studies (e.g., study design, size, and detailed outcomes), see tables provided in Supplementary Material available online at http://dx.doi.org/10.1155/2016/4039012.
Cash Transfers.
Cash transfer programmes continue to grow worldwide and their use for HIV prevention is increasingly being considered and evaluated [27] . The most common types of cash transfers include unconditional transfer (when payment is provided without a requirement to do anything specific in order to receive the money and no restriction on how the money could be spent) and conditional cash transfers (when payment is provided with the requirement to fulfil a specific obligation or achieve specific behavior/outcome). Cash transfers can also come in the form of social pensions, child grants, public works (when payments are received for labor on public works projects), and either monetary vouchers that could be used in place of cash or payment vouchers to cover certain types of services [28] . We identified only one study where cash transfers were offered in a context of PMTCT settings [29] In this study, 433 women attending a Kinshasa PMTCT programme were randomised to two groups in which the intervention group was given small but escalating cash incentives at each PMTCT clinic visit (five US dollars, increased by one dollar every subsequent visit) and control group was not. Compensation was dependent on clinic attendance, adherence to antiretroviral prophylaxis, and return at six weeks postpartum for infant HIV testing. The analysis showed that retention in care and adherence was 30% higher in the intervention group, and loss to follow-up at delivery and at six weeks postpartum was 47% lower in intervention group compared to control group.
There is also evidence of cash transfers improving utilization of health services relevant to the PMTCT cascade. A large randomised trial in Honduras concluded that direct payments to households (approximately two and a half British pounds per month for each pregnant woman and/or child younger than 3 years of age) had a significant impact on the uptake of ANC and routine well-child check-ups. Both of these indicators increased by 18-20 percentage points in the groups receiving payments [30] . Two programme evaluations, in Peru and in Bangladesh, noted the same positive effect. In Peru, use of ANC services was improved among women in eligible households that were given monthly cash transfers of approximately thirty US dollars per month [31] . Similarly, the DFID-supported "Ultra Poor" programme in Bangladesh directly linked cash transfers to health services. The results included an increase in both antenatal and postnatal coverage [32] .
Only one study explored the effects of cash transfers on ART, comparing adherence to ART and loss to followup among Ugandan patients who received cash transfers between five and eight US dollars for the period of twelve months and those who did not. In this randomised study, HIV treatment adherence scores as well as retention in care were higher among the intervention group [33] .
Small monetary incentives were shown to increase HIV result-seeking behaviors in Malawi, where study participants were offered a free door-to-door HIV test and randomly assigned vouchers between zero and three US dollars, redeemable upon obtaining their HIV test results at the VCT center. Individuals who received any cash value voucher were twice as likely to obtain their HIV test results as were individuals receiving no incentive [34] .
Transportation Support.
While transportation support can also be provided as cash transfers, in this review we considered only interventions that were more directly linked to transportation (e.g., vouchers, reimbursements at clinic visits, or community escorts to assist with referrals and make sure that transportation allowances are really used for transportation). In three studies and one programme identified by our search, transportation support was offered for accessing services other than PMTCT but relevant to the PMTCT cascade. A pilot study in Uganda showed a significant increase in ANC attendance with a transport voucher and a service voucher (to help cover any additional fee associated with services). ANC attendance declined when vouchers for transport were stopped [35] . A study in Tanzania introduced transportation allowances and "community escorts" as part of the referral system for ART and found a gradual increase in referral uptake. Most patients reported that the referral system facilitated their arrival at the HIV clinic but expressed a desire for HIV treatment services to be closer to their homes [36] . In a Zambian study that explored barriers to ART adherence, transportation was not singled out as a barrier; however, patients who were registered and supported by NGOs mentioned that the transport support they received each time they went for their medical appointments encouraged adherence to treatment [21] . The link between access/adherence and transportation assistance is also supported by an ART programme in Haiti that implemented a package of interventions, including a monthly transportation stipend to attend follow-up appointments and to cover transportation costs for emergency visits. The programme reported a dramatic increase in HIV counseling and testing and low rates of clinical or immunologic failure, suggesting good adherence to ART and follow-up [37] . While it is not possible to say how much of the success could be attributed to transportation assistance, the results suggest that any comprehensive package to address economic barriers to HIV services should include transportation support for those who do not live close to services.
Food Support to Improve Treatment Adherence and
Access. While data on associations between food support and adherence to ART are available for the general HIVinfected population only, they may still be applicable to PMTCT settings, particularly to PMTCT programmes that are switching from short-term ARV prophylaxis to a longterm HAART regimens comparable to those in the traditional ART programmes. We identified eight studies on adherence. A qualitative study in Kenya [38] found that ART patients enrolled in a food programme reported fewer side effects and greater adherence to medication. Three prospective nonrandomised studies in Zambia, Haiti, and Niger compared intervention cohorts (those who received food rations) to controls, and all three found better adherence among food recipients [39] [40] [41] . A cross-sectional quantitative study of 898 ART patients in the Democratic Republic of Congo found that food insecurity was significantly associated with nonadherence to ART [42] .
Two retrospective studies in Zambia [43, 44] , with the second one a follow-up on the first study, evaluated the effects of food assistance on ART adherence among patients with HIV. Both studies found a greater impact among patients earlier in treatment. Additionally, the effect was greater among those with several indicators of more advanced illness. One of the explanations the authors offered is that, as ART patients' health improves, some of them start prioritising other activities (such as work) over treatment, which could lead to missed appointments and/or doses. They also warned that the results should be interpreted with caution due to the small sample size. However, even if this effect is a true effect, it may be less of an issue for PMTCT settings; pregnant women have a shorter timeframe to receive the greatest benefit-if they can adhere to ART at least for the length of pregnancy and breastfeeding, the vast majority of infant infections could be averted.
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The third retrospective study [45] in Mozambique is the only one that contradicts the results of other studies and finds no difference in adherence rates between food assistance recipients and control group. However, the study authors suggest that the contradictory results could be explained by several limitations in study design, such as using retrospective, possibly incomplete, data and not being able to evaluate the quality of implementation of the food assistance programme.
In addition to the studies, we identified two assessments of programmes offering food support for people with HIV, including those on ART. The AIDSTAR-One assessment of the NuLife Food and Nutrition Interventions for Uganda showed that the food prescribed in the facilities improved clients' ability to adhere to drug regimens: 90% of those interviewed said that having food helps them take their medication [46] . Another AIDSTAR-One assessment-this time of the Kenya Food by Prescription programme-noted that providers within this programme reported improved ART adherence among food recipients [47] .
Two studies examined relationships between food security and access to services. A qualitative study in Malawi found that many women believed that aid in the form of food and food supplements for their infants was an important facilitating factor for accessing PMTCT [48] . Another study in three countries-Malawi, Zimbabwe, and Zambiafound that food aid attached to PMTCT programmes would increase programme participation. However, this was based on interviews only and it is not clear if it would translate into actual participation [49] .
Discussion
Because households affected by HIV/AIDS are struggling with economic challenges, including access to and affordability of treatment and care, practitioners are increasingly aware of the need to respond to the HIV/AIDS crisis in a more holistic way. As a result, ES initiatives are now considered to be an important strategy in enabling HIV/AIDS-affected households to cope with the effects of the epidemic and preserve livelihoods that sustain basic needs such as food, water, shelter, health, and education [50] . People with HIV often experience severe economic barriers to health care in the face of high direct medical costs (consultations, drugs, diagnostics, and hospitalization), as well as costs associated with transport, accommodation, food, substitute care, and loss of income [51] . However, the body of evidence on the impact of ES interventions on HIV-related health outcomes is relatively thin; most of the studies are small and qualitative by nature [52] . This is especially true when we consider just PMTCT services and PMTCT-related outcomes. In spite of economic barriers to PMTCT access and adherence being well documented, evidence on ES interventions to address these barriers is very limited. Thus, for the purposes of this review, we had to include ART, ANC, and HIV counseling and testing services, which are available as standalone services but also are part of the PMTCT cascade. Only one study on the effects of conditional cash transfers on PMTCT retention and adherence was a randomised control trial (RCT). The other two studies, which looked at PMTCT access being improved by food assistance, were very small, qualitative studies. The RCT demonstrated that conditional cash transfers can significantly increase the rates of retention in care and adherence to PMTCT services as well as decrease loss to follow-up at delivery and at six weeks postpartum. More quality data are needed on how ES interventions can affect access and adherence to PMTCT programmes that transitioned to HAART regimens to be taken at least for the duration of pregnancy and breastfeeding. Because more complex regimens require more clinic visits for monitoring and refills, economic factors can pose even greater barriers to access and adherence. One observational study [53] from Tanzania supports this concern. This study assessed the adherence challenges to HAART regimen used by an integrated ANC/PMTCT programme and found that over 60 percent of women were not fully adherent and had missed at least one drug collection episode. More research is needed to measure economic consequences of the increased visit frequency and more complex drug regimens.
All other data on economic strengthening interventions are coming from ART, ANC, and HIV counseling and testing programmes. Even though ANC and ART programmes have much in common with PMTCT programmes, and ES interventions within these programmes provide some valuable insight, the results may not be fully applicable to PMTCT settings. Facilitators and barriers to access and adherence among populations of pregnant women with HIV, pregnant women without HIV, nonpregnant women with HIV, or men with HIV who receive ART may differ. We will not know how ES interventions will interact with these facilitators and barriers and to what degree the knowledge gained within ANC or ART programmes is generalisable until we test them with women in need of PMTCT services.
It is important to note that the only ES interventions that were implemented within PMTCT and other relevant health services were interventions that provide immediate relief, such as cash transfers, transportation vouchers, or food/nutritional support. Nevertheless, these three ES interventions seem to be the most logical for PMTCT settings. This is because the impact of the ES intervention for PMTCT has to be immediate-the intended beneficiaries are already HIV-positive and pregnant, and the window to prevent transmission to a child is narrow. ES interventions that provide immediate relief are most appropriate when access to care is needed without a delay. Economic improvement and financial gains that may result from other economic strengthening interventions, such as saving groups, vocational skills training, microfinance/microcredit, or incomegenerating activities, take time to materialise and will not affect women's immediate ability to access services or to take their medication correctly.
However, this is not to say that interventions that may lead to eventual economic improvement on individual and/or household level cannot contribute to prevention of motherto-child transmission. In this review we focused only on PMTCT services offered to pregnant women with HIV, but a comprehensive approach to PMTCT includes four components (also referred to as prongs; see Figure 1 ): preventing primary HIV acquisition among women of childbearing age (Prong 1); preventing unintended pregnancies among women living with HIV (Prong 2); preventing transmission of HIV from mothers with HIV to their infants (Prong 3; addressed in this review); and providing appropriate treatment, care, and support to women living with HIV and their children and families (Prong 4). When all four prongs of PMTCT are considered, ES interventions with "delayed benefit" are still appropriate and can be offered to (i) improve HIV preventive behaviors among young uninfected women by reducing their financial dependence and empowering them to negotiate safe sex, refuse sex with unsafe partners, and minimize or eliminate money-for-sex or food-for-sex transactions (Prong 1);
(ii) increase access to safe and effective family planning for women with HIV by improving their financial ability to access services and strengthening their decision-making power within relationships, which is often linked to having independent income (Prong 2);
(iii) improve nutritional status, adherence to treatment, and overall health of women living with HIV and their children (Prong 4) by increasing their individual and household economic stability and food security.
ES interventions that may lead to gradual financial gains (even relatively small) may also build a future foundation for prevention of MTCT as some women with HIV are likely to consider having another child and when they do, they will be in a better position to access PMTCT services again. Future implementation research should consider ES interventions with "delayed benefit" among women at risk of HIV or those living with HIV as a means to strengthen PMTCT Prongs 1, 2, and 4. 
Conclusion
Moving forward, it is likely that there is a role for ES interventions in facilitating women's access to PMTCT services and in improving their adherence to the PMTCT cascade; however, the evidence base will remain weak until these interventions are tested directly within PMTCT settings. The limited nature of the evidence in terms of the number of studies, study design, and population size; the fact that almost all data on ES interventions are coming from settings other than PMTCT (even though they are relevant to PMTCT cascade); and the changing nature of PMTCT programmes mean that we still need to answer a number of research questions, including (but not limited to) the following: (i) How may different ES interventions affect women's access to PMTCT and adherence to PMTCT cascade, especially when PMTCT programmes implement HAART regimens at least for the duration of pregnancy and breastfeeding?
(ii) What are the most effective models for delivery of cash transfers and transportation/food support to women entering PMTCT programmes?
(iii) What are the minimum requirements for cash transfer or/and food assistance to lead to the desired outcomes in PMTCT settings, and what would guide the decisions about the amount, frequency, and conditionalities of these types of ES interventions?
(iv) What are sustainability needs for effective ES interventions in PMTCT settings? Answering these and other questions will provide more evidence for programme implementers and guide decisions about how to increase women's use of PMTCT services and adherence to the PMTCT cascade. In the meantime, programmes can assess the available evidence on ES interventions that offer immediate impact and consider if and how they can apply this evidence to their individual settings.
